As per the \'Guidelines for qualitative data\', excerpts of the transcripts relevant to the study are within the paper.

Introduction {#sec001}
============

To become a qualified pharmacist in the United Kingdom (UK) requires completion of a four-year undergraduate Master's degree at University and a fifth year of pre-registration training in practice. It is difficult to standardise this pre-registration year and ensure individuals get sufficiently similar experiences to meet the necessary outcomes as set by the General Pharmaceutical Council (GPhC) \[[@pone.0238226.ref001]\]. A disparity in pre-registration trainee pass marks between the different sectors of training has been identified due to a variety of factors, including the experiences had, the support of the trainees' tutor and the trainees' own resilience and motivation \[[@pone.0238226.ref002]\]. In order to be 'fit-to-sit' the pre-registration examination, all trainees must demonstrate the 'does' level of competence on Miller's Triangle as per the GPhC \[[@pone.0238226.ref003]\]. The variation in pre-registration training can affect individual competence development and may have contributed to a theory-practice gap upon qualification \[[@pone.0238226.ref004]\].

Studies have shown that experience alone may not be enough for individuals to obtain mastery of clinical skills \[[@pone.0238226.ref005]\]. Simulation-based learning can be instrumental in promoting experiential situated learning and bridging the gap between theory and practice without differences in educational outcomes \[[@pone.0238226.ref006]\]. Simulation covers a range of learning tools, but those which are higher fidelity are more likely to invoke a greater sense of realism and relation to real-life practice \[[@pone.0238226.ref007]\]. Virtual patients (VPs) are an active learning pedagogical tool and were utilised in this research. They have been defined as *"a specific type of computer based program that simulates real-life clinical scenarios; learners emulate the roles of health care providers to obtain a history*, *conduct a physical exam*, *and make diagnostic and therapeutic decisions"* \[[@pone.0238226.ref008]\]. A distinguishing factor from other computer-based learning is that VP simulations should unfold in response to learner input \[[@pone.0238226.ref009]\].

Traditional learning tools encourage individuals to learn in a linear fashion \[[@pone.0238226.ref010]\] whereas VPs provide the opportunity for users to practice real-world scenarios and make mistakes, promoting a more dynamic learning approach which may result in better retention of knowledge and skills \[[@pone.0238226.ref011]\]. Providing learners with a safe environment to practice, make mistakes and visualise the consequences of their actions can help encourage reflective learning and prevent errors in the future \[[@pone.0238226.ref012]\]. Research has illustrated that simulation reduces the pressure and anxiety felt by individuals when completing new tasks to a greater extent than other learning tools, which ultimately may increase users' confidence for completing the same tasks in practice with real patients, and can therefore only be beneficial \[[@pone.0238226.ref013]\].

The majority of research evaluating VPs has been conducted in medicine or nursing. The first mention of VPs in medical education literature is in 1971 but despite being around for nearly 50 years, their integration into healthcare curricula is limited \[[@pone.0238226.ref014],[@pone.0238226.ref015]\]. Multiple designs and technologies exist for VPs, which makes it difficult for researchers to ascertain their effectiveness and adopt 'best practice' \[[@pone.0238226.ref009]\]. Those classified as higher fidelity have been found to promote development of emotional intelligence, communication skills, clinical reasoning skills, knowledge of a range of conditions and confidence to interact with real patients \[[@pone.0238226.ref007],[@pone.0238226.ref009],[@pone.0238226.ref016]\]. Far less research has been conducted into utilisation of VPs in undergraduate or postgraduate pharmacist education and training, and even fewer studies have evaluated those of a higher fidelity \[[@pone.0238226.ref009],[@pone.0238226.ref017],[@pone.0238226.ref018]\]. Only one study has previously evaluated VP use in pre-registration pharmacist training. This was focused on knowledge and confidence development when delivering a single community pharmacy service \[[@pone.0238226.ref019]\]. Research evaluating VPs in healthcare education and training has primarily focused on: undergraduate students, a single learning outcome, simulation navigation via pre-defined menu options and rarely have VPs been evaluated with a more-traditional learning tool \[[@pone.0238226.ref020],[@pone.0238226.ref021]\]. Whilst this is difficult, as noted by Cook et al (2010), the benefits that VPs can bring to the under-researched area of pharmacy education and training requires further evaluations to establish their effectiveness as learning tools \[[@pone.0238226.ref020]\]. The VPs designed for this study utilised both pre-defined menu inputs and free-text inputs to understand the benefits both may offer in the training of healthcare students. This paper reports pre-registration pharmacist perceptions on the integration, usefulness and enjoyment of completing three VP or three non-interactive (NI) case studies as part of pre-registration study.

Materials and methods {#sec002}
=====================

A qualitative approach was adopted for the study. Qualitative data exploring pre-registration pharmacists' perspectives on the use of VP or NI case studies was collected by semi-structured telephone interviews. Telephone interviews were conducted because of the flexibility they offer over face-to-face interviews or focus groups \[[@pone.0238226.ref022]\].

Ethical approval to undertake the study was obtained from Keele University\'s Research Ethics Committee.

Participants {#sec003}
------------

A purposive sample of pre-registration pharmacist trainees completing their training in a UK-based hospital or community pharmacy (training year 2014--15) were recruited to participate in the research by: emails to final year students at Keele University, presentations at regional hospital study days and emails to pre-registration tutors at hospital training sites and one national community pharmacy chain. After trainees had consented to participate, they were randomly stratified into two groups based on their sector of training (community or hospital pharmacy), gender, age and ethnicity to achieve a near-equal distribution; one group received three VP case studies and the other group received three NI case studies. Participants were able to access each case study for one month sequentially, to give a total intervention period of three months. At the end of the three months, participants who had completed all three cases were able to access the alternative type of case studies for one month. This was voluntary and was done to ensure participants had access to both types of learning tool to prevent any disadvantages based on learning style or preference. Trainees were then invited via email to participate in a telephone interview.

Case study design {#sec004}
-----------------

Three case studies were created on the topics of: (1) emergency hormonal contraception (EHC), (2) calculation of renal function and (3) childhood illness, to develop a range of knowledge and skills essential to pre-registration training and future practice. Topics were identified from a review of the literature, the aim of the study and conversations between the lead researcher (JT), research team and first year qualified pharmacists, and included areas which trainees identified as being difficult to show their competence in due to training sector variation. The clinical elements of the cases were based on appropriate guidelines and resources which pharmacists use in everyday practice.

Virtual patient design {#sec005}
----------------------

The VP simulations were created by the research and digital development teams at Keele University School of Pharmacy and Bioengineering (Figs [1](#pone.0238226.g001){ref-type="fig"}--[3](#pone.0238226.g003){ref-type="fig"}) \[[@pone.0238226.ref023]\].

![Screenshot of the EHC VP simulation.](pone.0238226.g001){#pone.0238226.g001}

![Screenshot of the renal function VP simulation.](pone.0238226.g002){#pone.0238226.g002}

![Screenshot of the childhood illness VP simulation.](pone.0238226.g003){#pone.0238226.g003}

The VP software has three key parts associated with, and essential to its design: an electronic database containing the VPs responses, a computer generated graphic and a system linking the two together. The electronic database is classed as the 'brain' of the VP which uses a decision tree to map the progress of a case and collates the positive and negative feedback to be given at the end of the simulation \[[@pone.0238226.ref024]\]. The computer-generated graphic is referred to as the 'body' of the VP and is the 3-dimensional (3D) character. The 'heart' is the final part of the system which carries information from the 'brain' to the 'body' allowing a real-time, immediate response.

The script for each case was designed to meet pre-defined learning objectives and ensured equivalent user experiences. Each script was created in consultation with two registered pharmacists who had the relevant expertise. The VPs were designed to express humanistic characteristics through simple body language, movements and pre-recorded voice replies. The VPs used in this research were designed to 'speak' to the user about the decisions they made during the case, and both animated verbal and textual individualised feedback were provided.

Different input styles were used in the VP simulations. The EHC simulation utilised both multiple-choice input and free-text input. This was to help develop trainees' communication skills (i.e. how questions are asked) and knowledge of EHC. A consultation form was integrated into this simulation which guided trainees on the flow of the consultation. The renal function VP simulation integrated hospital notes and a drug chart which individuals needed to use appropriately to complete the case. They were able to interact with the VP via multiple-choice input. The childhood illness VP simulation utilised free-text input and the case was designed such that, when users asked to view the rash an image of the child's arm enlarged, and when asked to check inside the mouth an image of the oral cavity appeared.

The simulations were stored online to allow easy access at a time that suited the trainees. The page layout was defined using HTML with CSS to define the position and colour of screen elements. Characters were modelled, textured and animated using Autodesk\'s Maya 3D package. Once animated, a series of still images were rendered using the rendering package Mental Ray supplied with Maya. The still images were then composited using Adobe After Effects to create the final .mp4 animation files. For the VP cases using free-text variations, once the \'speak to patient\' button was clicked the text was sent to a web service hosted on the same server to process the text. This then returned a code to the site which was processed by the client side JavaScript (using the jQuery library) to determine what animation to play and how the case should behave next. The multiple-choice input cases processed everything client side, skipping the web service step.

### Non-interactive design {#sec006}

NI case studies were created through consultation with the research team and academic pharmacists at Keele University School of Pharmacy. They existed as a 'Google Form' which trainees were emailed a secure link to. At the beginning of each case study, the intended learning objectives were listed along with an introductory paragraph to provide background. This was followed by a number of questions and associated text-boxes, in which trainees were required to write their answers before submitting them. Feedback was then provided by displaying the 'model' answer for each of the questions, an explanation of the correct answer and signposting to resources for further reading. Users were required to enter text in each of the textboxes, otherwise they were unable to submit their answers and receive the feedback.

Although the case studies were created on Google Drive, they were still considered to be non-interactive as, apart from answering questions, there was no two-way interactivity between the user and the learning tool.

Data collection {#sec007}
---------------

Initially, 165 participants consented to take part in the study (83 VP group, 82 NI group). Participation decreased with each case study, and 56 trainees were eligible to be invited to a telephone interview. A semi-structured interview guide was developed based on the aims and objectives of the study, literature findings, and the researcher\'s knowledge of pre-registration training and the VP/NI case studies ([S1 File](#pone.0238226.s001){ref-type="supplementary-material"}). The interview guide was piloted on an experienced researcher and a newly-qualified pharmacist. As a result, minor amendments were applied to the guide. The broad topics included: perspectives on VPs (or the NI case studies) as a training tool, perspectives on individual support during pre-registration training and improvements to the learning tools. Interviews were conducted by JT until saturation of the broad topics was considered to have occurred by the research team. JT was a new researcher but had experience conducting interviews for previous research, had undertaken training and conducted pilot interviews for this study.

The interviews were audio-recorded to enable full, verbatim transcription. Reflective notes were also made during and after each interview. This included the noting down of any important comments or information which could have been missed in the transcribing process and allowed for reflection on the interview process itself, such as the flow of questions, wording of questions and how responsive participants were to certain questions. Participants were assured of confidentiality, and informed consent for the recording of the interview was obtained.

Data analysis {#sec008}
-------------

The interviews were anonymised (participants were given a number) and transcribed verbatim by an experienced transcriber. The transcripts were then checked for accuracy by JT and amendments made where appropriate. Data was analysed using the five stage framework approach: familiarisation with the data, identifying a thematic framework, indexing, charting, and mapping and interpretation \[[@pone.0238226.ref025]\]. This approach allowed both a structured data analysis and a complete exploration of the data, to capture previously unidentified ideas and themes. A process of constant comparison was adopted throughout the analysis; interview transcripts were compared with each other to establish analytical categories and identification of similarities or differences of opinions. It was an inclusive process and views which differed from the majority were coded and included in the thematic framework. Themes were discussed within the research team until agreement was reached to improve reliability and quality of the findings. Microsoft Excel was used to facilitate qualitative data management.

Results {#sec009}
=======

Twenty interviews were conducted; nine trainees in the VP group and eleven trainees in the NI group participated. The remaining 36 participants who were invited for a telephone interview did not respond to the invitation. Despite all having the opportunity, only three trainees from the NI group and one trainee from the VP group reported that they had used both learning tools at the time of the interview.

In the VP group, five trainees were from the hospital sector and four were from the community sector. In the NI group, six trainees were from the community sector and five were from the hospital sector. Both groups had more female participants (VP group: seven female, two male; NI group: ten female, one male). Interviews lasted on average 30--60 minutes and were conducted at the trainees' convenience, including after working hours and at weekends.

Four main themes emerged from the data, which were consistent with trainees in the VP group and the NI group: case study design; usefulness of the case studies as a training tool; support in pre-registration training; utility of the learning tools. Participants also commented on any technical issues they had experienced while completing the case studies, such as accessibility and usability.

Case study design {#sec010}
-----------------

### Realism {#sec011}

The theme of realism encompassed views on the topics, design and interactivity of the case studies. The majority of trainees who used either type of case study felt the topics were "*really relevant to practicing as a pharmacist*" \[Participant 2\], and enabled them to put into context what they were learning.

Trainees in the VP group reported that the way the case studies were created with different patients and settings increased their realism. The ability to 'talk' to the patients whilst receiving pre-programmed responses made them feel more realistic.

> *"...you've got to interact with the patients in order to complete the case so they keep you interested and you have to end the consultation like you would do in real practice*, *instead of just submitting a form with your answers on*. *It actually made me think about the kinds of things I would say to a patient in real life*.*"*
>
> \[P9\]

Pre-registration trainees reported that the design of the NI cases allowed them to practice what they were learning.

> *"...it's good because patients aren't going to be textbook patients*... *you can read the topic and try to apply it to a particular patient or patient subgroup..."*
>
> \[P12\]

Suggestions were made to improve the realism of the case studies. The most common improvement that was suggested related to increasing the difficulty or number of problems within a case to reflect a more realistic patient: "*...pulling up interactions or making you think in a way that's not just simple \[patient medical history taking\] questions...not just there's the problem*, *there's the diagnosis and that's the answer*, *as a lot of patients are more complex"* \[P1\]. Additionally, utilising more visual aids in the case studies and enabling interactivity with medicines, prescriptions or other items that pharmacists would use daily in a pharmacy were suggested.

### Feedback {#sec012}

All pre-registration trainees reported that the immediate feedback provided at the end of each case study was useful. Those who completed the VP cases reported that the animated, individualised feedback was a particularly helpful addition to their learning:

> *"I think when it \[the feedback\] was really specific it was the best for me*, *because then it showed me exactly what I'd missed*.*"*
>
> \[P12\]

Those who completed the NI cases also reported the feedback as useful but considered it quite general and personalisation would have made it more helpful---such as showing their individual answer next to the 'model' answer as trainees *"could not always remember what \[they\] had written in the answer box"* \[P16\].

### Technical issues {#sec013}

Technical issues were reported for the VP case studies. The main problem associated with the VP technology was the recognition of user inputs when using free-text due to the keyword database not picking up all spellings, words or phrases:

> *"...if the question wasn't in the system then there was no answer from the patient*... *it's quite advanced technology but if you try and have a conversation you're almost limited because there's already a programmed set of questions..."*
>
> \[P8\]

This, however, was not felt to distract from learning by the majority of trainees with one stating "*I don't think it impacted on my learning...I still got to see the point that I should have been making in the feedback"* \[P6\]. Trainees also reported that they used this as an opportunity to think of different ways to phrase questions and ensure they knew the proper spelling of conditions and medicines, in case they needed to interact with a patient in this way in real practice.

A second problem was the accessibility of the VP case studies which some trainees found troublesome with certain web browsers. This was easily resolved by switching to another one but did appear to reduce the remote accessibility on some smart devices.

Usefulness of the case studies as a training tool {#sec014}
-------------------------------------------------

### Experiential learning {#sec015}

All trainees who completed the VP case studies reported that learning by doing was the most effective way for them to develop their skills and knowledge of being a pharmacist.

> *"...*. *it's better to do something virtual than just answer questions*...*I am quite happy to read a book and learn but I struggle to just recall it if I don't put it into practice and this let me learn in a more interactive way..."*
>
> \[P8\]

Those trainees who completed the NI case studies reported the ability to apply their learning, however the sense of user responsibility and reflection on learning was not reported.

> *"I think that they \[the case studies\] helped to provide a deeper learning and helped to apply my learning into case study scenarios*...*"*
>
> \[P16\]

### Development of skills {#sec016}

When trainees were asked about the skills they had developed from completing the case studies, the most commonly reported were communication and calculation. Over half of the trainees in the VP group reported that the simulations helped improve their communication skills. This was reiterated by one trainee who had used both case studies, in which they reported that the NI case studies did not promote this development.

> *"I think it \[communication\] ties in more with the virtual cases when you're actually asking the questions... but for the paper cases you've just got to type your answers in*. *I think the virtual cases did help me think about how I was going to phrase my sentence when I speak to a patient*...*so they don't feel anxious and they are comfortable talking with me..."*
>
> \[P18\]

Calculation skill development was reported by trainees who completed the NI case studies but not by those who completed the VP simulations; these trainees' comments focused on the more patient-centred skill development. Calculation skill development was reported as being useful, with participant 10 stating "...*you can never have too many calculations; it's such a major part of the \[GPhC pre-registration\] exam*!*"*

### Development of knowledge {#sec017}

Trainees in both groups reported that completing the case studies improved their knowledge, identified areas where their knowledge was lacking and encouraged self-directed learning. Most trainees appeared to understand the requirement of a pharmacist being a lifelong learner and were happy to read around the topics and use other resources to improve their knowledge. Some, however, did report that completing the cases should have sufficiently developed their knowledge without having to do further reading.

> *"It was more indirect learning because even though I looked up a lot of stuff in the reference sources that I came up with*, *when the answers came back and I saw the reference sources that were used*, *it broadened my knowledge a lot*... *I wouldn't have thought to go and look in some of those resources to get the answers*.*"*
>
> \[P9\]

### Development of self-confidence {#sec018}

All trainees in the VP group and the majority of trainees in the NI group reported that using the cases improved their confidence for the pre-registration examination. Trainees from the VP group also reported feeling confident for future practice, but this was not reported by any trainees who used the NI cases. The VP simulations were reported as providing a safe environment to practice, develop and apply knowledge and skills before going out into practice as the responsible pharmacist, which made them feel more confident.

> *"These virtual patients are a 21*^*st*^ *century learning tool and are as close as you can get to real life*, *to situations you will have to deal with every day when you qualify and are on your own*...*it gives you confidence because you've done it virtually and if you make a mistake in the simulation you haven't killed anyone and you can try again..."*
>
> \[P3\]

Support in pre-registration training {#sec019}
------------------------------------

### Resources {#sec020}

Pre-registration trainees commented on the types of resources they would have found useful during their pre-registration training year. Comments related to resources being novel, flexible and reputable. The majority of trainees reported that they had not used any type of VP prior to their involvement in this study, and many comments were received regarding the novelty of the technology as it appeared to provide a different way of learning which was enjoyed and felt more like a game.

> *"I haven't used anything like this before*...*it's up-and-coming technology and I think I got more out of it than with just the normal one \[the NI cases\]..."*
>
> \[P6\]

Pre-registration trainees also reported that the VP cases gave them a degree of flexibility as they could be completed anywhere as long as they had an internet connection, allowing them to fit the learning into their daily schedules. The NI cases required more reading and writing which was reported as difficult to do on a smaller screen. Both types of case study were reported as being reputable by trainees as they were up-to-date and grounded in a solid evidence-base. It was reported as being "*difficult to find reputable resources...there's a lot of textbooks and online questions...which can be out-of-date*, *or past papers*, *which again are so old now..."* and that *"having virtual cases which are easy to access*, *are up-to-date*, *are what we need...we can be assured that the information we're getting is correct which makes it a much better revision aid*" \[P1\].

### Pre-registration variation {#sec021}

A major reason for trainees reporting the increased need for support appeared to stem from comments around pre-registration training variability, with it being recognised that *"...everybody has such different experiences and support"* \[P3\]. Trainees recommended case study topics which they suggested would be beneficial to the training year. These primarily covered a mixture of community-based (minor ailments) and hospital-based (clinical management of long term conditions) topics to allow individuals to practice areas they were unfamiliar with and increase confidence in areas where they may see themselves working in the future. In total 38 topic ideas were received which encompassed the broad range of skills and knowledge within 'pharmacy practice' ([S1 Table](#pone.0238226.s002){ref-type="supplementary-material"})

Utility of the learning tools {#sec022}
-----------------------------

### Use in pre-registration training {#sec023}

Trainees reported a number of areas where the VP simulations could benefit pre-registration training, particularly for individual revision, group learning, as preparation for an Objective Structured Clinical Examination and as evidence for competency development. Trainees reported that the NI case studies would be useful as revision tools and for competency development. It was noted that the VPs could be used as replacements for role-plays with a tutor or member of staff and would help individuals become confident in a variety of areas they may not have real-world experience in. These comments were not received for the NI case studies.

> *"If you role-play with someone or when somebody's watching you talk to a patient you just feel like you're being tested*. *But with the virtual scenarios*, *I think you'd be a bit more relaxed and sort of learn from it rather than feeling embarrassed*...*"*
>
> \[P5\].

### Future use {#sec024}

All trainees reported that they would use the learning tools in the future. The most common use was for Continuing Professional Development (CPD) as "*you do the learning and then you do like a patient case scenario on top of that and then that's a really good CPD because you've got the knowledge and you've tried to apply it before you actually go out there to use it in practice"* \[P20\]. Trainees also commented on using the cases to support changing work sectors and towards diploma work or other postgraduate courses, such as prescribing.

Discussion {#sec025}
==========

This is the first study to explore pre-registration pharmacist perceptions on the integration, usefulness and enjoyment of VP case studies or non-interactive case studies. There is currently only one other study which evaluated a VP for training pre-registration pharmacists on a single community pharmacy service. This study brings new findings to the current literature due to the free-text input and animated feedback associated with the VPs used, the additional evaluation of a more-traditional learning tool and the number of case studies utilised and their associated learning outcomes.

The findings identified four broad and interrelated themes: case study design; usefulness of the case studies as a training tool; support in pre-registration training; utility of the learning tools. Pre-registration trainees who used the VP simulations provided comments relating to the novelty, realism and enjoyment in completing them. Trainees in both groups reported developing knowledge and skills from completing the case studies; those who used the virtual patient commented on the development of communication skills and having an opportunity to apply their learning and those who used the non-interactive cases focused on knowledge acquisition and numeracy skill development. Trainees who used the VP reported feeling confident for practice which was something not commented on by trainees who used the NI cases.

A key finding of this study is that variation in pre-registration training resulted in all trainees discussing the need for more support and resources to feel confident for both the pre-registration examination and future practice. The interactive nature of the VPs seemed to promote experiential learning, which has previously been identified as essential for healthcare students in order for them to understand how the skills and knowledge they are developing translate to real-world practice \[[@pone.0238226.ref026],[@pone.0238226.ref027]\]. The variability of pre-registration training has been well-documented by the GPhC and providing access to a resource which can promote experiential learning of a range of topics may be beneficial at reducing variation and allow for greater standardisation in training experiences \[[@pone.0238226.ref002],[@pone.0238226.ref004],[@pone.0238226.ref009]\]. It has previously been identified that VPs may add little value when learners are at the lower levels of Bloom's taxonomy \[[@pone.0238226.ref028]\], and they should instead be used when knowledge is combined with skills and applied in problem solving scenarios, or when direct patient contact is not possible \[[@pone.0238226.ref021]\]. Pre-registration trainees in this study reported the development of real-life complex skills and aspects of learning from using the VP, whereas the simple skills and knowledge reported by using the NI case studies are those which have previously been shown to be developed successfully from 'rote learning' \[[@pone.0238226.ref029]\].

Effective communication is essential in ensuring positive health outcomes and best patient care. An increased emphasis has been put onto pharmacists' consultation skills, which are likely to become even more important with the advancement of a pharmacists' role in the coming years \[[@pone.0238226.ref004], [@pone.0238226.ref030]\]. Research has found that after undergraduate education, medical graduates' communication abilities may deteriorate as a result of non-continuous training in this area \[[@pone.0238226.ref031]\]. Pharmacy undergraduates have less clinical placement exposure than other healthcare professions, thus the creation of learning tools which can aid the practice and development of communication skills may be useful, and this may span across all healthcare disciplines. Previous research has found mixed results regarding the development of communication skills from VP use, with fidelity of the tool being a major factor \[[@pone.0238226.ref032]--[@pone.0238226.ref035]\]. The free-text input in the EHC and childhood illness case studies are fairly unique as the standard navigation through a case is via pre-defined menu inputs \[[@pone.0238226.ref021]\]. Pre-registration trainees noted that, despite any technical issues, the VP simulations which utilised the free-text input helped them think about how to phrase patient friendly questions, establish a rapport and ultimately provide better patient care; this was not reported by those trainees who used the NI cases.

Both types of case study were an additional resource to participants' pre-registration training year. It is therefore no surprise that trainees reported the development of skills and knowledge from using either type, as they were intended as a learning tool. The main distinction between the two learning tools was the increased realism of the VP, which was primarily due to the design and interactivity of the software. The VP cases may have implored a sense of 'emotional engagement', due to trainees' actions and decisions affecting the outcomes of the VP simulation; which has not been previously identified with less interactive case studies \[[@pone.0238226.ref036],[@pone.0238226.ref037]\]. The interactive nature of the VPs in this study and the ability of the software to respond to user input, altering the path through the decision tree to produce different patient outcomes and providing individualised feedback, may have encouraged participants to take responsibility for and reflect on their actions. This can only be beneficial in ensuring deeper learning takes place and preparing individuals to be lifelong learners. Active learning pedagogies have been shown to improve pharmacy student understanding of a range of concepts, greater retention of knowledge and higher satisfaction compared with more passive methods of teaching \[[@pone.0238226.ref038]--[@pone.0238226.ref040]\]. Learning tools should reflect the level of education that individuals are at and allow a spirality of content in which topics, themes and subjects are integrated and revisited with increasing levels of difficulty, ensuring that new learning is linked to previous learning and the competence of students' increases in-line with the difficulty \[[@pone.0238226.ref041]\].

Pre-registration trainees commented on their self-confidence after completing the case studies. Previous research has established that pharmacists lack confidence in their own abilities which can prevent them from providing services, counselling or treatment \[[@pone.0238226.ref042],[@pone.0238226.ref043]\]. Self-confidence is a key element in the successful integration of knowledge into practice; interactive training tools have been found to increase pharmacists' and undergraduate students' confidence at providing certain services \[[@pone.0238226.ref042],[@pone.0238226.ref044]--[@pone.0238226.ref047]\]. A benefit of the VP simulations is their ability to provide a safe environment for users to make mistakes without harming a real patient. The VP technology utilised in this research provided individualised animated spoken and textual feedback to each trainee, which was specific to what they had done well and emphasised areas for improvement. This level of specificity may have encouraged users to repeat the simulations, finding a different way through the decision tree and producing a different outcome with new feedback. Repetition is an essential feature to aid learning in high-fidelity simulations, and the web-based aspect of VPs enables repetitive practice with increased standardisation over traditional real-person interactions \[[@pone.0238226.ref007]\]. Trainees who used the NI cases provided comments which were more focused on feeling confident for the pre-registration examination, whereas those from the VP group also commented on their confidence for future practice. The VP simulations allowed trainees to understand the benefit of their learning for their role as a pharmacist. Improvements to the VP simulations were suggested and will be acted upon where appropriate, as having a range of accessible resources available for individuals to engage with may be beneficial for their self-directed learning. Previous literature reports the most common problems with VPs as the lack of training and difficulty in using the tools, which have been found to cause user frustration but have not detracted from the learning experience \[[@pone.0238226.ref033],[@pone.0238226.ref035],[@pone.0238226.ref047]\]. Similar findings were reported in this study, with trainees using the technical issues as an opportunity to think about rewording or rephrasing questions.

Strengths and limitations {#sec026}
-------------------------

The research undertaken for this paper adds considerably to the under-researched area of VPs in pharmacy and especially in pre-registration training. The evaluation of both VP and NI case studies adds to the originality of the work; the majority of previously published literature has evaluated VPs alone, with no alternative learning tool, especially within the area of pharmacy. This research was not designed in a way to separate the impact of the interactive component and visual avatar; further research is warranted to determine how these elements can impact learning when used separately versus in combination.

Views were gathered from trainees with a mixed demographic profile who had used either one or both of the learning tools and wanted to provide feedback. Although the participants in both groups were mostly female, this is consistent with the distribution profile of pharmacists in practice \[[@pone.0238226.ref048]\]. Data saturation seemed to occur by interview 15 but as the rest of the interviews were scheduled, they were conducted, which allowed for greater cementing of themes. Conducting the interviews by telephone did not seem a significant barrier to data collection. JT was known to the trainees as a researcher and qualified pharmacist, thus there was the risk that participants may not have felt comfortable voicing their true opinions. Although not all participants spoke freely during the interviews, most did and provided insightful comments which seemed to be honest and included criticisms of the tools or their pre-registration training. Telephone interviews do not easily allow for non-verbal cues to be captured, however reflective notes were made throughout the interviews of participant's comments and non-verbal inferences (i.e. pauses or background noise which may indicate distractions) to ensure contextualisation upon transcription. JT tried to present the participants' perspectives in an open and honest manner, but the analysis was a result of an interaction between the researcher, the pre-registration trainees and a variety of factors (e.g. environment and time of interview) which are recognised as potential influences.

Conclusions {#sec027}
===========

Pre-registration pharmacists reported that both the VP and NI case studies improved their knowledge, however the VP simulations were also attributed to more complex skill and self-confidence development. Trainees were enthusiastic about VPs as a novel training tool and reportedly valued it as providing a different learning experience than resources currently available; providing trainees a chance to practice realistic scenarios in a safe environment. VPs offer the potential to 'bridge the gap' in pre-registration training variation, provide experiences trainees may otherwise not have, promote learning through reflection on doing and increase overall preparedness for practice.

Supporting information {#sec028}
======================

###### Semi-structured interview guide.

(PDF)

###### 

Click here for additional data file.

###### Topic areas identified for future case studies.

Displays the frequency of topics suggested by trainees which they felt they could have had more support on during the pre-registration year. Each overall topic is subdivided into more specific topics which were reported by trainees. The 'total number of participants' illustrates the overall number of different participants who commented on that topic area.

(PDF)

###### 

Click here for additional data file.
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claims made in the paper. As I understand the methods, this study was
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avatar-based or the non-interactive interfaces. My confusion hinges on

the cryptic comment \"At the end of the three months, participants who
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studies and invited via email to participate in a telephone

interview.\"

I do know that this last phrase means, but it seems particularly

important. If each participant only saw one interface, any comparative

comment about liking one interface more than the other (there are

several such comments in the manuscript) would be completely invalid,

as no participant would have any basis for comparison. If this comment

is to be interpreted to mean that participants saw both versions,

there might be some basis for comparison, but as we have no

information about how long each participant spent with the second

interface, we have no way to judge the validity of any

comparisons. Furthermore, we are later told that only three participants

looked at both interfaces, which effectively eliminates any hope of

direct comparison. These methods need to be clarified, and any comparisons

between the two interfaces need to be justified.

Even if these changes are made, I am concerned about inappropriate

quantitative comparisons between the designs. From the abstract:

\"Pre-registration trainees appeared overall to prefer learning via the

interactive clinical avatars over the non-interactive case studies and

they were associated with greater self-reported development of

knowledge, skills and confidence for practice.\" This is a quantitative

claim that should be accompanied by measurements and statistical

tests. Barring that, these claims should be removed.

I have no beef with the qualitative analysis or the thematic

discussion, but I was struck by how minor the differences between the

designs appear to be in the end. This might in itself be noteworthy -

perhaps the realistic content is really what\'s important here?
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direct comparison or quantitative analysis.
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mess. Consider focusing the thinking to make a stronger introduction.

2\. \"Pre-registration\" is a very specialized term that might not have

any meaning to readers outside of the field. Suggest removing that
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world of ubiquitous web conference and screen sharing, citing a 1995

article in support of telephone calls seems a bit anachronistic. Why

not use web conferencing?
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training. This was clearly more than \"standard HTML\" How were the
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line 193 run on
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Author response to Decision Letter 0

17 Jun 2020

Academic Editor Comments

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming

The PLOS ONE style templates were reviewed and article/figures/supplementary files amended appropriately.

Please include a copy of the interview guide used in the study, in both the original language and English, as Supporting Information, or include a citation if it has been published previously.

Interview guide has been included as Supplementary File 1.

Reviewer \#1 Comments

This exploration of online tools for developing educational materials to pharmacy trainees is potentially interesting and relevant to those in the field, but not necessarily as portrayed by the authors. Although the paper does not stand up well as is, a re-framing and appropriate revision of the discussion and conclusions might make this paper more defensible and, potentially, more interesting.

The premise of this paper is reasonable to start with. Innovative approaches to providing training to pharmacy students are certainly worthy of research and exploration, and interactive avatars seem worth a try, particularly if they haven\'t been used before. The juxtaposition of the avatars and a non-interactive version is a good

step, allowing for the possibility of comparative analysis.

Confusion in my reading of the methods leave me with significant concerns regarding the validity of some of the claims made in the paper.

• As I understand the methods, this study was primarily a between-subjects study, with participants using either the avatar-based or the non-interactive interfaces. My confusion hinges on the cryptic comment \"At the end of the three months, participants who completed all three cases were provided with the comparative case studies and invited via email to participate in a telephone interview.\" I do know that this last phrase means but it seems particularly important

The phrase was amended to remove any links to the case studies being comparable. Detail was added to ensure the phrase was clearer regarding the opportunity for pre-registration trainees to use the other style of case study as a learning tool.

• If each participant only saw one interface, any comparative comment about liking one interface more than the other (there are several such comments in the manuscript) would be completely invalid, as no participant would have any basis for comparison -- Comments which relate to comparisons between the two learning tools have been removed throughout the article. An interview guide was created which asked questions on the same topics, however any claims to a comparison of the learning tools have been removed; except where trainees did use both of the tools and provided such comments. However it is made clear that this only relates to a small proportion of the participants.

• If this comment is to be interpreted to mean that participants saw both versions, there might be some basis for comparison, but as we have no information about how long each participant spent with the second interface, we have no way to judge the validity of any comparisons.

Specific comments relating to comparisons have been removed. Information regarding how long participants had access to the learning tools has been added to the article. Participants were able to access each case study for one month sequentially, to give a total intervention period of three months.

• Furthermore, we are later told that only three participants looked at both interfaces, which effectively eliminates any hope of direct comparison. These methods need to be clarified, and any comparisons between the two interfaces need to be justified.

It has been clarified that all trainees were given the opportunity to use the other type of learning tool. Only four trainees reported that they had done and provided comments as such. Specific comments relating to comparisons have been removed and made clear when the participants had used both types of learning tool.

• Even if these changes are made, I am concerned about inappropriate quantitative comparisons between the designs. From the abstract: \"Pre-registration trainees appeared overall to prefer learning via the interactive clinical avatars over the non-interactive case studies and they were associated with greater self-reported development of knowledge, skills and confidence for practice.\" This is a quantitative claim that should be accompanied by measurements and statistical

tests. Barring that, these claims should be removed.

Any statements which could be seen as quantitative claims have been rewritten to appropriately report qualitative comments.

• I have no beef with the qualitative analysis or the thematic discussion, but I was struck by how minor the differences between the designs appear to be in the end. This might in itself be noteworthy - perhaps the realistic content is really what\'s important here?

More information has been added into the manuscript regarding the realism of the virtual patient. Also, more detail which relates to the non-interactive cases being above what trainees would normally have has been added.

• I suggest clarifying the methods and avoiding any claims that imply direct comparison or quantitative analysis.

Amended throughout as noted above.

Other minor notes:

1.The first paragraph in the introduction is a bit of a mess. Consider focusing the thinking to make a stronger introduction.

Paragraph 1 of the introduction has been amended.

2\. \"Pre-registration\" is a very specialized term that might not have any meaning to readers outside of the field. Suggest removing that phrase and substituting \"pharmacist trainees\" or some other alternative.

Pre-registration pharmacist training is explained in paragraph 1 of the introduction. It was felt important to use this term to distinguish between undergraduate pharmacist trainees where the majority of previous research has been focused and postgraduate phamacists trainees who may be qualified pharmacist undertaking a further postgraduate course (e.g. prescribing).

3\. I have no beef with telephone interviews per se, but in the 2020 world of ubiquitous web conference and screen sharing, citing a 1995 article in support of telephone calls seems a bit anachronistic. Why not use web conferencing?

A more up-to-date reference has been added to the article. Telephone interviews were used as they were identified as the least unobtrusive method. Some of the interviews took place during participants' working hours and they could easily use a phone. However, more technologically advanced methods would be considered in future research.

4\. More details are needed on the construction of the avatar-based training. This was clearly more than \"standard HTML\" How were the avatars built?

More information has been added into the article. The page layout was defined using HTML with CSS to define the position and colour of screen elements. For the VP cases using free-text variations, once the \'speak to patient\' button was clicked the text was sent to a web service hosted on the same server to process the text. This then returned a code to the site which was processed by the client side Javascript (using the jQuery library) to determine what animation to play and how the case should behave next. The MCQ cases processed everything client side, skipping the web service step.

5\. The 38 topic areas identified in the interviews should be provided along with the paper. This is potentially useful information.

A table showing the topic areas has been included as Supplementary File 2.

Reviewer \#2:

Strengths

\* The work is well motivated, well written, and describes a well conducted research

\* The authors are familiar with the literature and do not overstate claims (they are aware of work in medicine and nursing that has established similar findings over a decade ago in some cases)

\* The findings are valuable to the pharmacology education community

Weaknesses

• The findings already mirror what has been found in other domains some time lack so have limited applicability to advancing virtual patient design/research. The results might only be new information to pharmacology education researchers.

It is agreed that the findings are similar to previous research in other healthcare professions. The article has tried to infer the greater advancement this brings to the pharmacy profession and has focused on the use of free-text virtual patients which are under-researched in the literature.

• Incorrect terminology is used throughout. Please review closely with domain experts:

o Agents vs avatars. what you are using are \"agents\" - virtual humans controlled by algorithms, not \"avatars\" virtual humans controlled by humans. avatars and virtual humans are not synonyms

Terminology changed to 'virtual patients' throughout.

o Markov model - you can\'t have a \"markov model decision tree\", they mean very different things. avoid using terminology that is not well understood.

Markov model removed.

• Animations were encoded as mp4 files - this needs much more clarification as mp4 files are a compression format and how animations are encoded into them is unclear.

More information has been added into the article. Characters were modelled, textured and animated using Autodesk\'s Maya 3D package. Once animated, a series of still images were rendered using the rendering package Mental Ray supplied with Maya. The still images were then composited using Adobe After Effects to create the final .mp4 animation files.

• It is unclear if the user selected conversation choices (e.g. EHC case) or had a free text opportunity (child illness case)

How the user interacted with each virtual patient simulation has been added into the methods section and it has been made clear which utilised multiple-choice vs free-text input.

• Virtual patients are now common and thousands of medical and nursing curricula with many commercial systems being used around the world

This is true. The differences of this virtual patient system (free-text, animated feedback) has been added into the manuscript. Implications for healthcare training have been made clearer.

• The discussion about limitation about JT interviewing the participants needs to be rewritten. You can\'t say that you tried to not be biased and that you believe the answers were candid, because fundamentally you can\'t know that. Rephrase to acknowledge the limitation and highlight improvements for future work.

The limitation regarding JT interviewing the participants has been rewritten.

Minor

• This document could use a good edit for grammar errors

A thorough proofread has been done and edited where appropriate.
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: N/A

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Thanks for your thorough responses to initial comments. I have one substantive comment and a few remaining comments that I would like to see addressed:

1\. My main conceptual concern is that your study essentially introduces two interlinked interventions: 1. The use of the conversational agent, and 2) the use of the visual avatars. It is possible that both of these are needed to have a strong impact on educational experiences - this study is not designed in a way that would answer that question. However, I would like to see something in the discussion about the possibility that the interactive component on its own might or might not be as useful as the virtual patients described in this paper.

2\. The term \"pre-registration\" is still used in the abstract in a manner that I found confusing. If this were a journal that was (a) focused on pharmacy education, and (b) focused on a British audience, this usage would be acceptable, but as neither of these things are true, this language obscures rather than clarifies. I suggest revising to \"pre-certification\", internship or something similar.

3\. The abstract refers to the \"framework approach\". I assume this is referring to the five-stage framework approach used for qualitative analysis? This should be clarified.

4\. The abstract makes this significant claim: \"however those who used the virtual patient commented on the development of real-life complex skills and aspects of learning, and those who used the non-interactive cases focused on more simple skills and knowledge.\" I don\'t see this justified in the presentation of the results or the discussion. I suggest reframing.

4\. under \"Participants\", please clarify what is meant by \"sector of training\".

5\. Line 160-161. I presume MCQ means \"multiple-choice question\" , but it is not defined, and there is no indication of which of the scenarios involved this type of question.

6\. Results. 20 interviews were conducted, but earlier we were told that 56 participants were eligible. Did 39 decline? this should be clarified.

7\. The gender differential (heavily skewed toward female in both cases) should be mentioned in the discussion as having a possible impact on the observations.

Reviewer \#2: The authors did a reasonable job addressing issues raised and the clarity of this submission is much improved.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: **Yes: **Harry Hochheiser

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

6 Aug 2020

Thank you for your review of my manuscript. I have addressed your comments below.

1\. My main conceptual concern is that your study essentially introduces two interlinked interventions: 1. The use of the conversational agent, and 2) the use of the visual avatars. It is possible that both of these are needed to have a strong impact on educational experiences - this study is not designed in a way that would answer that question. However, I would like to see something in the discussion about the possibility that the interactive component on its own might or might not be as useful as the virtual patients described in this paper.

\- This point is acknowledged and agree that the research was not designed in a way to separate the impact of the conversation agent and visual avatar. The manuscript has been amended (line 485-488) "This research was not designed in a way to separate the impact of the interactive component and visual avatar; this warrants further research to determine how these elements can affect learning when used separately versus in combination."

2\. The term \"pre-registration\" is still used in the abstract in a manner that I found confusing. If this were a journal that was (a) focused on pharmacy education, and (b) focused on a British audience, this usage would be acceptable, but as neither of these things are true, this language obscures rather than clarifies. I suggest revising to \"pre-certification\", internship or something similar.
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4\. The abstract makes this significant claim: \"however those who used the virtual patient commented on the development of real-life complex skills and aspects of learning, and those who used the non-interactive cases focused on more simple skills and knowledge.\" I don\'t see this justified in the presentation of the results or the discussion. I suggest reframing.
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